Background: Social changes related to the elderly in regard to factors such as population, region, cohabitant status and depression incidence, have recently been observed. The aim of our study was to investigate the characteristics of elderly suicide attempters according to these changes. Methods: We retrospectively reviewed the medical records of suicide attempters who visited an Emergency Department between January 2013 and March 2016. Patients were classified into an elderly or non-elderly group. Data included demographic, socioeconomic, and clinical characteristics. The Risk-Rescue Rating Scale (RRRS) and Suicide Intent Scale (SIS) scores were calculated. Results: Of 340 patients, 78 were elderly. Male sex, lower educational and financial status, chronic disease, and depression were more common in the elderly group, while previous history of suicide attempt was more frequent in the non-elderly group. RRRS was higher in the elderly group, while SIS was not significantly different between the 2 groups. Unlike the non-elderly group, no correlation between suicide lethality and intention was found in the elderly group. Multiple logistic regression analysis identified that chronic disease, depression, unemployment, cohabitation, and high lethality were risk factors of suicidal attempts in the elderly. Similar results were observed in the study classified by suicide method. Conclusion: Chronic disease, depression, unemployment, and lethality were found to be risk factors of suicidal attempts in the elderly. However, unlike previous reports, several risk factors, including male sex, cohabitation, and suicide intention took on a different aspect in our study. The differences in these characteristics can be an important guide aiming to develop specific elderly suicide precautions.
INTRODUCTION
According to the National Statistics Office, 183,386 Koreans died by suicide in 2014. Suicide was the first leading cause of death among young adults, the second leading cause of death among middle-age adults, and one of the main causes of death among people aged 60 years or older (4th highest among people in their 60s, 7th highest for those in their 70s, and 10th highest among those in their 80s, and the fourth highest cause of death overall 1) . The rate of suicide, which is influenced by psychological, biological, and social factors, has been drastically increasing in Korea, causing problems in society, beyond a personal level, such as reduced productivity, increased rate of comorbidities of chronic diseases, and increased health service costs.
The rate of suicide among the elderly is 81.9 suicides/ 100,000 persons. This rate is 4 times the mean rate of suicide in Organization for Economic Cooperation Development (OECD) countries (20.9 suicides/100,000 persons) 2) . Furthermore, the rate of suicide among the elderly has decreased over the last decade in OECD countries, while in Korea there has been a 2.3-fold increase in the suicide rate 1) . The proportion of people aged 65 years or older exceeded 7% of the total population in Korea in 2000, reaching 13 .1% in 2015, and is expected to reach 40% by 2060. Population aging and the rate of suicide among the elderly population are closely associated, and it is predicted that suicide among the elderly will become an important social issue in the future 3) . Although the rate of suicide has been decreasing since 2010, it was 55.5 suicides/100,000 persons in 2014, and remains high 1) . In general, the risk of suicide among the elderly is associated with male sex, chronic disease, depression, weakened social support, low education level, and poverty due to retirement from work and reduced income [4] [5] [6] [7] . However, unlike younger generations, affected by lack of academic achievement and conflict with parents, the elderly are affected by the interaction of a range of factors, and therefore, ascertaining suicide risk factors among the elderly is relatively difficult 8) . Financial poverty aggravates chronic disease and depression, and social isolation after retirement worsens the prognosis of depression and pain from chronic disease. Physical health affects the rate of depression and participation in economic activities, and depression may cause unemployment. Thus, many different factors interact to provoke suicide among the elderly [9] [10] [11] [12] . Furthermore, the suicide success rate is higher among the elderly than among other age groups, as the elderly tend to plan and choose highly lethal methods of suicide, rather than committing suicide on impulse 13) .
With the introduction of health policies, such as the management of suicide attempters with the coordination of emergency medical centers in the last 5 years, the rate of suicide has decreased across all age groups, except in men in their 20s and 30s, and the most significant decrease has been observed among the elderly 1) . However, as the population continues to age, the proportion of elderly patients among suicide attempters attending the Emergency Departments has remained constant at 10%-20% 2, [14] [15] [16] . Furthermore, structural changes in society involving the elderly population, such as reduced working hours among the elderly, consistent increase in the employment rate of the elderly, increased divorce and decreased remarriage among the elderly, increased population of elderly citizens, increased number of households with elderly couples, increased number of adult children living with their parents in major cities, and increased health care costs related to depression and similar mental disorders, have been observed 1, 2) . Previous studies have reported variability of suicide patterns, according to changes in the region, population, economical state, and social support [17] [18] [19] . In this study, we investigated the clinical characteristics of elderly suicide attempters through a comparison with adult suicide attempters. We postulated that recent changes in the rate of suicide among the elderly and different social structural changes have affected the characteristics of suicide among the elderly.
MATERIALS AND METHODS

Subjects
This study was conducted on suicide attempters aged 18 years or older attending the Emergency Department of a university hospital in a major city between January 2013 and March 2016. A suicide attempter was defined as a person with clear evidence of having had suicidal ideation and having attempted suicide 20) . Suicide attempters attending the Emergency Department based postsuicide care service were first examined by emergency medicine doctors or medical specialists, and then underwent psychiatric treatment. The purpose of the post-suicide care program was explained to patients and consent to receive the postsuicide care service was sought from patients and their legal guardians. After consent was obtained, patients underwent consultation by professional counselors. The counselors collected and stored information from patients and their legal guardians after the consultation, according to the service guidelines, and introduced the patients to local social welfare and medical services. This study retrospectively reviewed the medical records of the suicide attempters and the information collected during the post-suicide care service, after receiving approval from the Institutional Review Board.
Method
Suicide attempters were divided into 2 groups: the elderly group, including patients aged 65 years or older; and the non-elderly group, including patients aged between 18 and 64 years. We examined the following evaluation indicators in both groups: demographic and socioeconomic indicators, medical history of psychological and systemic disorders, characteristics of suicide attempt, clinical course in the Emergency Department, and rate of suicide. We also investigated differences between the 2 groups in the rate of visits to the psychiatry outpatient clinics through the postsuicidal care program, after discharge from the Emergency Department.
The demographic indicators included age, sex, education level, marital status, cohabitation status, and religion. The socioeconomic indicators included employment status, income level, and insurance type. The income level was divided into three levels, based on the employment survey results for different types of employment released by the National Statistics Office, with the lowest 30% earning 150 million Korean won (KRW) per month, and the highest 30% earning 300 million KRW per month 21) .
Patients were also divided into 4 groups, based on their medical history: no disease, acute disease in the last 6 months, chronic disease interfering with daily activities, and chronic disease not interfering with daily activities. The investigation of the psychological characteristics of suicide attempters addressed the following: history of psychiatric treatment or hospitalization due to mental disorders, depression status, family history of psychiatric disorders, previous suicide attempts, and direct motivation for suicide.
The clinical characteristics of suicide attempters included psychiatric diagnosis, method of suicide attempt, injury severity, suicide intention, and alcohol use at the time of the suicide attempt. Methods of suicide attempt included drug overdose, poisoning with pesticides or caustics, gas inhalation, cutting, and jumping from a high place. The Risk-Rescue Rating Scale (RRRS) was used for the evaluation of injury severity 22) . This clinical scale consists of 5 risk factors (lethality of method, impaired consciousness, physical damage, reversibility of method, and medical treatment required), and 5 rescue factors (location of attempt, person initiating rescue, probability of discovery, access to rescue, and delay until discovered). Each factor was assigned 1 to 3 points. The sum of the risk factor and rescue factor points (5-15 points) were weighted according to a 1-5 point scale. The weighted scores were used to calculate RRRS using the following formula: [risk factor/(risk factor + rescue factor)] × 100. The lethality of suicide was quantitatively analyzed using this method 22, 23) . The Suicide Intent Scale (SIS) was used to evaluate the intention of suicide attempts 24) . The SIS proposed by Beck et al. consists of 8 factors describing objective situations related to suicide attempt (isolation, timing, precautions against discovery/intervention, acting to get help during/after attempt, final acts in anticipation of death, active preparations for attempt, suicide note, and overt communication of intent before the attempt), and 7 self-report factors based on personal thoughts at the time of suicide attempt (alleged purpose of attempt, expectations of fatality, conception of method's lethality, seriousness of attempt, attitude towards living/dying, expectations about the possibility of rescue, and degree of premeditation). A score of 0-2 points was assigned to each factor, and the total score was directly associated with suicide intention 24, 25) . We investigated the following clinical indicators in the Emergency Department: level of consciousness, injury severity, admission/discharge status, and mortality rate. Clinical results of patients transferred to another medical institution were obtained through phone call.
Statistical analyses were performed using IBM SPSS Sta- 
RESULTS
Of the 340 suicide attempters, 78 (22.9%) were elderly and 203 (59.7%) were women, exceeding the proportion of men. The rates of hospitalization and death among all suicide attempters were 62.1% and 4.4%, respectively. The proportion of men attempting suicide was higher in the elderly group than in the non-elderly group. Significant differences in the education level, marital status, income level, and employment status were found between the 2 groups. A higher proportion of suicide attempters in the non-elderly group lived alone, compared to the elderly group; however, the difference was not statistically significant (p=0.087). Significant differences in health status were found between the 2 groups. The rate of chronic diseases was higher in the elderly group (84.5%) than in the non-elderly group (29.3%) ( Table 1) .
In regard to psychological characteristics, no significant difference between the 2 groups was found, except for the higher rate of previous suicide attempt in the non-elderly group (Table 2) . Personal relationship and quarrel with others were the most common reasons of direct motivation for suicide in both groups.
Significant differences were found in the psychiatric diagnosis between the 2 groups. In both groups, depression was the most common psychiatric disorder. However, the rate of diagnosis of depression was significantly higher in the Values are presented as mean±standard deviation or number (%).
elderly group than in the non-elderly group (p<0.001) ( Table 2 ). Significant differences in the method of suicide attempt were found between the 2 groups (Table 3) . While drug overdose was the most commonly used method of suicide attempt in both groups, poisoning with pesticides and caustics was more common in the elderly group, while cutting or piercing (for example, of the wrist) was more common in the non-elderly group.
To evaluate the lethality and intent of suicide attempt, we investigated the RRRS scores and the SSI scores of 336, and 236 suicide attempters, respectively (Table 3) . While the RRRS score of the elderly group was significantly higher than that of the non-elderly group, no significant differences in the intent of suicide evaluated using the SIS and the questionnaires (Table 2) were found between the 2 groups. Changes in the RRRS and the SIS scores by age are shown in Fig. 1 . While the RRRS correlated moderately with the SIS scores in the non-elderly group (r=0.403, p<0.001), no correlation was found in the elderly group (r=0.152, p=0.273).
The rate of hospital admission in the elderly group was 74.4%. The rate of intensive care unit admission in the elderly group was considerably higher than that in the non-elderly group. The mortality rate was also higher in the elderly group. The proportion of patients who consented to the postsuicide care program was comparable in both groups (76.1% in the elderly group, 69.3% in the non-elderly group). However, a higher proportion of elderly patients visited psychiatric outpatient clinics than non-elderly patients.
To compare the characteristics of suicide attempt between the adult and the elderly groups, a single factor with p<0.2 from each group was set as the independent variable, and multiple logistic regression analysis was performed. As a result, chronic diseases, depression, unemployment, living with the person assisting with the suicide attempt, and high lethality, were identified as risk factors of suicide attempt among the elderly (Table 4) .
The elderly and non-elderly groups were compared for the use of drug poisoning, the most common method of suicide attempt (Table 5 ). In the multivariate analysis, significant differences in sex, chronic disease status, education level, religion status, employment status, and depression status were found between the elderly and non-elderly patients who attempted suicide by drug overdose. However, the rate of previous psychiatric treatment (0.086) and of previous suicide attempt (p=0.077) were lower in the elderly group (data not shown). Significant differences in sex, chronic disease status, education level, employment status, and depression status were found between the elderly and non-elderly groups of patients who did not attempt suicide by drug overdose. The elderly group showed a higher level of intended suicide (p= 0.076), a higher rate of cohabitation (p=0.134), and a lower rate of previous suicide attempt (p=0.075), compared to the non-elderly group (data not shown). In both the drug overdose and the nonoverdose suicide cases, the RRRS scores were significantly higher in the elderly group than in the non-elderly group, and no significant differences in the SIS scores were found between the 2 groups (Table 5 ). Multiple logistic analysis (univariate analysis variable with p<0.2 used) revealed that chronic disease, depression, living with a cohabitant, and high lethality, were common risk factors for suicide attempt among the elderly, in both drug overdose and nonoverdose cases (Table 6) .
Changes in the RRRS and the SIS scores, according to age, in the drug overdose and nonoverdose cases are shown in Fig. 2 . In the non-elderly group, the RRRS scores and the SIS scores were positively correlated in both cases (drug overdose; r=0.261, p=0.006, nonoverdose; r=0.458, p=0.002). However, no correlation between the RRRS scores and the SIS scores was found in the elderly group (drug overdose; r=0.114, p=0.535, nonoverdose; r=0.022, p=0.924).
DISCUSSION
The purpose of this study was to gain insight into suicide among the elderly population in Korea, a country characterized by a rapidly aging society, with high rates of suicide among the elderly, and suggest preventative measures against suicide, by examining changes in the characteristics of suicide attempts by the elderly, due to the recent structural changes in society. Although numerous studies related to suicide among the elderly have been conducted, only few studies have compared the elderly and the non-elderly populations. Therefore, we analyzed and compared the characteristics of suicide attempts of adults aged 18-64 years and elderly subjects aged 65 years or older. Chronic disease, depression, unemployment, and high lethality were identified as risk factors for suicide attempt among the elderly. However, findings regarding sex, cohabitation status, and suicide intention, among the elderly in this study were different from those generally reported in previous studies. Higher rates of hospital admission, mortality, and visits to outpatient psychiatric clinics after discharge from the Emergency Department were observed in the elderly group, compared to the non-elderly group.
The comparison with the non-elderly group showed that chronic diseases were most strongly associated with the risk of suicide attempt by the elderly, and this was also found when comparing patients according to the method of suicide attempt (drug overdose or nonoverdose). This finding was consistent with those of previous studies identifying pre-existing health problems as a major risk factor of suicide attempt among the elderly 6, 7, 26) . Depression is also a well-established risk factor for suicide attempt among the elderly. The prevalence rate of depression among the elderly is higher in Korea, compared to Western countries or other Asian countries 27) . However, the actual prevalence rate of depression in Korea may be even higher, considering that the rate of visiting hospitals and receiving mental health services is low among the elderly in Korea 6, 28) . This was observed in the present study, as the rate of diagnosis of depression after psychiatric treatment following suicide attempt was higher in the elderly group than in the adult group. Compliance with treatment for depression is greater among elderly than adult patients 29) therefore, depression management is an important factor in the prevention of suicide attempts by the elderly. Overall, 90% of the elderly population in Korea has chronic diseases, and the prevalence rates of depression among the elderly are 5.5%-7.5%, higher than those among the non-elderly 1, 27) . Among the elderly, poor health may lead to depression and the reverse also occurs, with depression resulting in poor health; chronic disease and depression are closely related 30) . Therefore, in the rapidly aging Korean society, the rates of chronic disease and depression among the elderly are expected to increase, and as is their importance as risk factors for suicide attempts by the elderly. Based on the findings of previous studies that physical disease, through depression, influenced the rate of suicide attempts among the elderly, the correlation between chronic diseases and depression is an important factor in suicide attempts by the elderly 11) . In the present study, this correlation was more evident among elderly suicide attempters (r=0.301, p= 0.072) than among non-elderly suicide attempters (r=0.052, p=0.418). Although additional research considering different types of chronic disease and the severity of depression is needed, the observed correlation suggests that chronic disease and depression are important factors to consider in the prevention of suicide attempts by the elderly.
While the number of female attempters is 1.5-3 times that of male attempters 14, 31) , a higher proportion of elderly suicide attempters is male 32, 33) . In this study, the male to female ratio in all suicide attempters and in the non-elderly group were 1:1.5 and 1:18, respectively, with a higher proportion of female suicide attempters. In the elderly group, the proportion of men was higher than that of women. The sex distribution in the elderly group may have contributed to the high rate of hospital admissions and mortality through high lethality. This is supported by previous reports that men are more likely to choose highly lethal methods of suicide than women 32, 33) , and also by the findings in this study, that a higher proportion of suicide attempters in the elderly group chose highly lethal methods, such as poisoning with pesticides or caustics and hanging. However, when controlling for all the other variables, male sex was no longer a risk factor for suicide attempts by the elderly. This may be due to the different rates of suicide methods between our study, characterized by more frequent low lethality drug overdose, and other studies, characterized by more frequent highly lethal methods of suicide, such as hanging and shooting [34] [35] [36] . It is also reflected in our finding that highly lethal drug overdose was identified as a risk factor for suicide attempt among the elderly. However, a different association between the method of suicide and sex has been reported 36) and further research should be performed using various methods of analysis. In univariate analysis, significant differences in education level, income level, and employment status were found between the 2 groups, and the proportions of patients with a low education level, low income, and no occupation were higher in the elderly group. Education level results in differences in income levels, according to the type and choice of occupation, and affects an individual's socioeconomic status. Therefore, the influence of education level on suicide is more associated with the economic power of an individual than with the education level itself, and from the socioeconomic perspective, these three factors are closely associated with each other 28, 37) . In this study, occupation was significantly correlated with education level (r=0.427, p<0.001) and income level (r=0.384, p<0.001), and was identified as a risk factor for suicide attempts by the elderly. Problems associated with occupation and financial status strongly affect the rate of suicide among Asian men, and the proportion of men was higher in the elderly group than in the non-elderly group, therefore, employment is closely associated with suicide attempts by the elderly in Korea 14, 15, 31) . This finding provides an explanation for the association between the increased rate of employment of the elderly and the decreased rate of suicide by the elderly, highlighting the importance of employment among the elderly as a measure to prevent suicide.
As noted above, the prevalence rate of chronic diseases is high among the elderly 1) , and chronic diseases were found to be a risk factor for the most highly lethal suicide attempts by the elderly in this study, which is consistent with the findings of previous studies 6, 7, 26) . However, as the prevalence rate of chronic diseases increases by age, chronic diseases are essentially intrinsic characteristics of the elderly that distinguish them from the non-elderly group. Chronic diseases are also associated with depression, which is another risk factor for suicide attempts by the elderly, therefore, we performed a subgroup analysis, excluding chronic diseases as a risk factor (data not shown) among 141 suicide attempters with chronic diseases. As a result, employment status was identified as an independent risk factor of suicide attempt in the elderly group (unemployed: odds ratio [OR], 3.500; 95% confidence interval [CI], 1.341-9.132; p=0.010 and RRRS: OR, 1.041; 95% CI, 1.000-1.084, p=0.052). Further research using a homogenous group of subjects on the rate of suicide attempt, according to health status (whether suicide attempters have chronic diseases or not), is required. The findings of this study are relevant because they emphasize the importance of employment in the prevention of suicide among the elderly.
High rates of intended suicide that have generally been observed in previous studies were not found in this study. No significant differences in the questionnaire results and the SIS scores were found between the elderly and the nonelderly groups. This may be related to changes in the prevalence rate of depression among the elderly, and numerous studies have reported that depressed patients tend to show impulsive suicide behaviors [38] [39] [40] . Over the last 5 years, the rate of depression has increased with age, being the highest among people aged 70 years or older. The annual incidence of depression is 9% among the elderly and 5% across all age groups. This greater incidence of depression among the elderly may have affected the results of the present study 41, 42) . Studies have recently reported changing patterns of impulsivity in different age groups and impulsivity is a risk factor for suicide attempts by the elderly 43, 44) . A domestic study also reported that a high proportion of suicide attempts made by elderly patients via drug overdose were impulsive 45) . Further research on the association of suicide intention and suicide attempts by the elderly is necessary. Another finding to note in this study is the correlation between suicide intention and the lethality of the suicide attempt. Male sex, intended suicide attempts, and high lethality of suicide methods are characteristics of suicide attempts among the elderly, as noted above. Therefore, we anticipated a correlation among these factors. However, no correlation was found between suicide intention and lethality in the elderly group. Instead, a weak correlation between the 2 factors was found in the non-elderly group. The same result was observed in the analysis based on different methods of suicide. Results of previous studies regarding the correlation between suicide intention and lethality have been inconsistent, and a clear correlation between the two factors has not been established 46, 47) . Further research on the changes in the correlation among characteristics of suicide attempt by age is necessary.
Furthermore, cohabitation was found to be a risk factor for suicide attempt in the elderly group, contrary to previous reports. This may be due to recent structural changes in Korean society or social transformation in the city where the hospital was located, such as increases in the elderly population, the number of adult children living with their parents, and the number of households with elderly couples 48) . Although the risk of suicide is higher among elderly people who live alone than among those living with a spouse, the significance of this observation was limited by controlling for variables 7) . Furthermore, conflict with family members is a more significant risk factor for suicide attempts in the elderly than the lack of social support 49) . Therefore, cohabitation is a risk factor for suicide attempts in regions largely populated by elderly people with cohabitants, and its significance cannot be ignored. This is also supported by the finding that quarrels with others, including family members, accounted for the highest proportion of motivation for suicide attempts among the elderly. However, the influence of cohabitant status on suicide may vary according to region, sex, and level of health care and social support. As studies also report that living alone is a major risk factor for depression and suicide 50, 51) , more detailed research that considers a wider range of variables is necessary.
Drug overdose is the most common method of suicide in Korea and has unique characteristics. We investigated the characteristics of suicide attempts among elderly patients who used drug overdose and those who used other methods of suicide 14) . Mortality rates among elderly suicide attempters were 2.3% for drug overdose and 17.6% for other methods of suicide. Multiple logistic regression analysis showed that among nonoverdose suicide attempters, male sex was a risk factor for suicide attempts by the elderly. This finding is consistent with findings of a previous study concluding that men were more likely to choose highly lethal methods of suicide than women. Moreover, employment status was not a risk factor for suicide attempts among elderly patients who did not use drug overdose. This may be due to the older age of patients in the elderly group using methods other than drug overdose compared to the age of patients in the elderly group using drug overdose. This finding is also supported by the result that financial problems were not a risk factor for suicide attempts among older elderly patients, unlike among younger elderly patients 52) . The presence of common risk factors for suicide attempts by the elderly using different methods of suicide attempts emphasizes the reliability and importance of these risk factors in the prevention of suicide among the elderly.
This study had the following limitations. First, the study was conducted on patients who visited a single university hospital in a major city after suicide attempts. These patients do not represent the entire population of elderly suicide attempters. Second, suicide attempters aged 65 years or older were assigned to a single elderly group. Different patterns of suicide have been observed in different age groups, following the recent trend of increased life expectancy 52, 53) . Therefore, the results of this study may not be valid and further research, focusing on specific age groups, is needed. Third, the data were collected from medical records that were reviewed retrospectively by researchers; therefore, there exists the possibility of the introduction of subjective opinions. Furthermore, the researchers were unable to obtain all the necessary information as some data were missing. To overcome these limitations and improve the accuracy of the data, data from consultations with counselors through the Emergency Department based postsuicide care program and from the questionnaires were also collected. The consultations involved two or more people, and the accuracy and reliability of the data were enhanced by the structured questionnaires. Fourth, in some cases consultations with the patient were not feasible because of impaired consciousness of the patient. Recall bias may also exist in the data collected from the questionnaires as they are based on self-reported answers. Furthermore, the possibility of inaccurate data and over reporting due to suicide-related stress among suicide attempters cannot be overlooked. Finally, a number of methods of suicide were not included in this study, affecting the validity of the results. There are differences in regional distribution, sex, lethality, and intention, according to the method of suicide, therefore, further research on suicides attempts using the same method is necessary. In this study, a subgroup analysis was performed for patients who attempted suicide through drug overdose, and those who used other methods of suicide.
Despite these limitations, this study is meaningful because objective data were collected from the medical records of the patients, as well as from questionnaires through the postsuicide care program. This study also provides a clinical basis for the prevention of suicide among the elderly, by investigating the structural changes in Korean society and in the characteristics of suicide attempts among the elderly.
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